We describe the first brain event-related potential (ERP) 
Introduction
Perception of vocal signals is essential for social interaction and communication in a wide range of species. In some cases, specialized perceptual mechanisms may contribute to inherent reactions to species-specific vocalizations, although perceptual learning also appears to play a prominent role, especially in primates. Indeed, vocal-perceptual learning has been documented in utero in human infants (DeCasper & Prescott, 1984; DeCasper & Spence, 1986) . Even for humans and other primates, however, aspects of the perceptual response to vocal signals may be constitutionally disposed (Newman, 1985; Seyfarth, 1987; Snowdon, 1982) . A considerable literature on the ontogeny of acoustic perception in primates documents an early appearance of selective processing mechanisms for vocal stimuli in infants (Ash, Pisoni, & Jusczyk, 1983; Kuhl, 1987b; Molfese & Beltz, 1987; Morse, Molfese, Laughlin, Linnville, & Wetzel, 1987; Trehub, 1987) . Considerable phylogenetic continuity exists in the acoustic features of human and nonhuman infant cries (Lieberman, Harris, Wolff, & Russel, 1971; Newman, 1985) , and cries may evoke similar perceptual reactions in human and nonhuman primates (Bryan & Newman, 1988) . More general features of acoustic perception also appear similar across primate species (Liberman, Cooper, Shankweiler, & Studdert-Kennedy, 1967) . These include the categorical perception of continuously graded phonemes, where nonhuman primates demonstrate perceptual boundaries comparable to those of humans (Kuhl, 1987a; Petersen, 1982; Snowdon, 1982) . Moreover, both human and nonhuman primates evidence lateralized hemispheric processing of specific vocal signals (Kuhl, 1987a; Morse et al., 1987; Petersen, 1982; Peterson et al., 1984; Pohl, 1983; Snowdon, 1982) . These features suggest at least partially overlapping modes of processing for vocal signals in human and nonhuman primates, and raise important questions over the contributions of learning and constitution to vocal perception.
In view of these considerations, a further understanding of vocal processing in nonhuman primates may not only enhance our appreciation of vocal communication in these species, but may offer insights into the evolution of language processes. From a phylogenetic perspective, the chimpanzee represents an ideal model for such an inquiry. Chimpanzees appear to be our closest extant relatives, and the vast preponderance of our genetic material is shared in common with this species (Goldman, Giri, & O'Brien, 1987; Goodman, Braunitzer, Stangl, & Shrank, 1983) . Like humans, chimpanzees are a highly social and highly vocal species. They demonstrate among the highest cognitive capacities of nonhuman animals, and evidence lateralized enlargement of cortical areas corresponding to those which have been implicated in vocal processing in humans (Boysen & Berntson, 1989b; Essock-Vitale & Seyfarth, 1987; LeMay & Geschwind, 1975; Premack, 1986; Yeni-Komshian & Benson, 1976) .
In previous studies of the ontogeny of vocal perception in apes, we found that infant chimpanzees showed a distinct and species-specific psychophysiological response to conspecific threat barks (Berntson & Boysen, 1989) . Within hours of birth, and without prior exposure to the stimuli, infant chimpanzees uniformly displayed a notable cardiac acceleration to threat barks. This response differed from the predominant cardiac deceleration of infant orangutans to this same vocal stimulus, and from the responses of the same chimpanzees to other conspecific vocalizations. The species-specific cardioacceleratory response to threat was highly reminiscent of the defensive reaction evoked by pain or fear-arousing stimuli . The uniform appearance and early emergence of this response to threat are consistent with the view that chimpanzees may be endowed with perceptual mechanisms that are tuned to specific features of conspecific vocalizations and inherently linked to patterns of affective response. We extend these psychophysiological studies of vocal perception in apes through an examination of the brain event-related potentials of a young chimpanzee to vocal stimuli.
Event-related potentials (ERPs) represent time-locked electroencephalographic responses to a specific stimulus or event, and have been shown to covary with cognitive and/or attentional processes. In particular, long latency components of the ERP waveform have been considered endogenous or processing-contingent potentials because of their sensitivity to the cognitive processing of the stimuli (Picton & Hillyard, 1988; Steinschneider, Kurtzberg, & Vaughan, 1992 ). An example of the latter is the P300, a positive-going potential with a typical latency between 300 and 500 msec. The P300 is distributed primarily over central scalp regions, and its amplitude has been shown to be closely related to the subjective probability and meaningfulness of the stimulus (Donchin, Karis, Bashore, Coles, & Gratton, 1986; Johnson, 1988 Johnson, , 1993 Johnston, Miller, & Burleson, 1986) . In addition to the classical P300, there appears to be a family of late positive components (Late Positive Complex), with differing latencies, waveforms, scalp distributions, and cognitive correlates (Courchesne, Hillyard, & Galambos, 1975; Ruchkin, Sutton, & Mahaffey, 1987; Sutton & Ruchkin, 1984) .
ERPs are especially useful because they do not depend upon the behavioral repertoire of the subject, and hence are broadly applicable across ontogeny and phylogeny. They offer important measures that may tap intermediate stages between sensory processing and response generation. We previously demonstrated that brain ERPs recorded from chimpanzees are highly similar to those of humans (Boysen & Berntson, 1985) . For the current experiments, we apply ERP measures to explore the perceptual processing of vocal signals in a chimpanzee. We further employ a full complement of 28 EEG electrodes to permit a topographic mapping of the scalp topography of the ERPs.
Method

Subject
The subject was a 6.5-year-old juvenile female chimpanzee (Sheba), who had been a previous participant in our developmental studies of cardiac reactivity to conspecific vocalizations (Berntson & Boysen, 1989; Berntson, Boysen, Bauer, & Torello, 1990) . Sheba had been involved extensively in social and behavioral training programs in the Ohio State University Primate Cognition Project (e.g., Boysen & Berntson, 1989a , 1989b .
Stimuli
Stimuli consisted of simple tones, conspecific vocalizations, and human speech. For the oddball paradigm of Experiment 1, 40-msec epochs of pure tones (500 and 1500 Hz, 80 db, 10 msec rise time) were generated by the ERP system and presented by TDH 75 headphones. The remaining stimuli were recorded on high fidelity tape, filtered at 4 kHz, and computer digitized at 8 kHz. In all cases, stimuli were equated to 76 db (SPL), and presented under computer control via TDH 75 headphones. For Experiment 2, the speech stimulus was a 350-msec verbalization of the subject's name (Sheba) by the primary human caregiver. The control stimulus was a 500-Hz square wave tone of the same duration. The conspecific vocalizations of Experiment 3 were recorded from other animals of the OSU Primate Cognition Project during actual social encounters. Vocalization stimuli included 300-msec epochs of threat barks, stress screams, and alarm calls. A broadband white noise stimulus of the same duration served as a control. The threat vocalization consisted of a guttural coughlike utterance, alarm entailed a higher pitched "hoo"like call, and stress vocalization consisted of a continuous scream. These vocalizations corresponded in context and character to the bark (Marler & Tenaza, 1977) , hoo (van Lawick-Goodall, 1968) , and scream (Marler & Tenaza, 1977; van Lawick-Goodall, 1968) vocalizations as previously described for the common chimpanzee. The spectral composition of these stimuli was reported in a previous heart rate study which employed these vocal tokens (Berntson & Boysen, 1989) . Because the acoustic envelope can be a critical feature of vocal signals, we did not taper or control the rise times of the vocal stimuli.
ERP Measures
EEG signals were recorded by an array of 28 scalp electrodes, including the 20 sites of the international 10-20 system, together with CP 1 /CP 2 , TOP 1 /TOP 2 , FTC 1 /FTC 2 , and PO 1 /PO 2 . In addition, six artifact electrodes were employed (suprainfraorbital, right-left canthi, and right-left masseters). All electrodes were referenced to linked ears, with FP, serving as ground. Signals were processed by a Neuroscience Series II ERP acquisition system (12-bit digitization, 2-msec sample time, 16-msec prestimulus, and 600-msec poststimulus epochs). EEG filters were set at .1 Hz and 30 Hz. Artifacts were automatically rejected (any channel exceeding 64 µV), and the remaining traces were averaged separately for each electrode site. For all conditions, 20 artifact-free traces were obtained in each acquisition block, and results were replicated in two or more blocks to insure reliability. Artifacts generally occurred on less than 25% of the trials, and no notable differences were apparent in the number of EEG artifacts across the experimental stimuli. Artifacts generally reflected declining sedation, and testing was suspended if artifacts exceeded 50%.
General Procedure
All testing was accomplished in a quiet, darkened room. Stimuli were controlled by the Neuroscience acquisition system or in the case of digitized stimuli, by a stand-alone microprocessor based system. Interstimulus intervals were 2 s. No explicit training was given, and no task demands were imposed. The animal was lightly sedated with droperidol (1 mg) and ketamine (as necessary) for electrode attachment and testing.
1 In view of the necessity for sedation, an important behavioral criterion for testing was that the animal remain behaviorally attentive and responsive to environmental events and the verbal commands of the experimenters. A criterion for testing was that the animal physically orient to the experimenter when the subject's name was called. To further evaluate the attentional state of the subject, the first experiment entailed a standard P300 oddball paradigm.
The oddball paradigm was employed to extend the P300 results from humans, and to insure the sensitivity of the subject to the probability of environmental stimuli. In human subjects, a late positive (P300) component emerges in the ERP response to an infrequent stimulus embedded in a stream of frequent stimuli. The P300 has been shown to be related to both the subjective probability and informational significance of the rare tone (Johnson, 1988 (Johnson, , 1993 . Although the P300 is substantially enhanced by imposing a response demand on the occurrence of the rare stimulus (e.g., counting, pressing a button, etc.), typical P300 responses can be seen even in the absence of an explicit response (Neville & Foote, 1984; Pineda, Foote, & Neville, 1987; Polich, 1987) . In the present study, no training or task demands were imposed. Stimuli consisted of pure tones of two frequencies (500 and 1500 Hz), with the probability of one stimulus being 85% and the other 15%. A total of six blocks were acquired over two sessions, with both the 500 Hz and 1500 Hz tones serving as the rare stimulus in separate blocks. In each block, the first 20 artifact-free traces were acquired for both the rare and the frequent stimulus.
Stimulus meaning or significance can enhance long latency potentials, like the P300 in humans (Johnson, 1988 (Johnson, , 1993 , and this issue is of particular interest for studies of vocal perception in chimpanzees. In a third session, we examined the sensitivity of the late ERP components to the information or adaptive significance of the stimuli. To evaluate the sensitivity of the ERP to stimulus significance in the chimpanzee, we recorded brain ERPs to two stimuli differing in adaptive meaning to the animal. The stimuli consisted of a 350-msec (500 hz) tone and a 350-msec epoch of human speech (the animal's name, Sheba). Four blocks of 20 artifact-free traces were obtained for each stimulus. To avoid confound from potential local variations in stimulus probability, only a single stimulus type was presented within a given block so that the probability of a given stimulus was either 1 or 0. The order of stimulus administration was counterbalanced across blocks. Other procedural details were as outlined earlier.
In a final session, we examined the ERP responses to brief epochs of the conspecific vocal stimuli we previously tested with heart rate measures. General procedures followed those described earlier. Briefly, 300-msec epochs of white noise as well as conspecific threat, alarm, and scream vocalizations were presented in separate blocks. A single stimulus was presented during a given block, with at least 20 artifact-free traces acquired. Each stimulus was presented in two separate blocks, with the order of stimuli counterbalanced across blocks.
Data Analysis
Averaged waveforms were derived separately for the individual ERP acquisition blocks (minimum 20 traces), as outlined earlier. Graphic illustrations depict the overall means and standard errors (across replicate blocks) of the obtained waveforms for a given stimulus. Our primary interest was in the late positive components of the ERPs, which are generally focused around the central scalp. Consequently, statistical analyses were generally based on peak and mean waveform voltages at the central electrode (Cz) over the latter half of the epoch. The late positive component was maximal between 350-550 msec, and peak values were derived from this epoch. To more appropriately capture the full waveform components, averages were taken over a broader 300-600 msec period (i.e., the last half of the acquisition epoch). The primary analyses were by dependent t tests on relevant experimental contrasts. All statistical tests were two-tailed.
The scalp distributions of waveform components are illustrated by topographic difference maps that depict the differences in waveform amplitudes, across all 28 EEG electrodes, for the test and comparison waveform (e.g., rare vs. frequent stimulus), In all cases, maximal ERP responses were focalized in the central scalp area. Consequently, measures of laterality were based on the immediate parasagittal electrodes over the central scalp area. Laterality of waveform components was evaluated by a 2 (stimulus type) × 2 (laterality) repeated measures ANOVA on the mean amplitudes for right and left electrodes in the central scalp regions (F3/F4, C3/C4, and CP1/CP2).
Results
Oddball Paradigm
Consistent with results from humans, a late positivity to a rare stimulus was apparent in ERPs of the chimpanzee subject. Results are illustrated in Figure 1a , which depicts the overall ERP waveforms to the frequent and infrequent stimuli (120 traces over six acquisition blocks), as well as the standard errors of these waveforms. The rare stimulus was associated with a long-latency positivity, which peaked between 350-550 msec. Although the positive peaks were distinct on a given run, considerable latency variation was apparent between runs, 440 msec ± 57.9 SD. This gives the spurious appearance of a low frequency positivity in the overall waveforms of Figure 1a . No differences were apparent between the rare and frequent stimuli in the latency of the late positive peak (440 vs. 441 msec at Cz, respectively). The amplitudes of the peaks, however, were significantly larger for the rare stimulus. The mean peak amplitude for the six runs with the rare stimulus was 12.2 µV (± 2.0 SEM) compared to 3.1 µV (± 1.4 SEM) for the frequent stimulus, t(5) = 5.88, p = .002. Similarly, the average voltage of the ERPs over the 300-to 600-msec interval were significantly different for the rare and frequent stimuli, mean for the rare stimulus = 6.8 µV ± 2.6 SEM; for the frequent stimulus = -1.3 µV ± 1.6 SEM; t(5) = 3.46, p = .02.
The scalp distribution of the late positive component of the ERP to the rare stimulus was predominantly fronto-central. This is illustrated in Figure 2a , which shows the distribution of the difference waveform (ERP to the rare stimulus minus the ERP to the frequent stimulus) averaged over the 300-to 600-msec epoch. 
Stimulus Meaning
Components of the late positive complex in humans are known to be enhanced by stimulus meaning (Johnson, 1988 (Johnson, , 1993 or affective significance (Johnston et al., 1986) . To examine the impact of significance of the acoustic stimulus, we measured ERPs to a human vocalization of the subject's name (Sheba), compared to a simple tone stimulus. Each stimulus was tested in four separate counterbalanced runs of 20 trials. For any given run, therefore, stimulus probability was either 1 or 0. Results are illustrated in Figure 1b , which depicts the overall ERP waveforms to the vocal and control stimuli (80 traces over four acquisition blocks), and the standard errors of these waveforms. As expected, the vocal stimulus was associated with a long-latency positivity. As was the case for the ERP to the rare stimulus, this late positivity peaked between 350-550 msec. Again, the positive peaks were distinct on a given run, although considerable latency variation was apparent, 446 msec ± 57.7 SD. No significant differences were seen between the vocal and control stimuli in the latency of the late positive peak (446 vs. 41.5 msec at Cz, respectively). The amplitudes of the late positive peaks, however, were significantly larger for the vocal stimulus. The peak amplitude at central scalp for the four runs with the vocal stimulus was 12.9 µV (r 2.8 SEM) compared to 2.7 µV (± 1.6 SEM) for the control stimulus, t(3) = 3.7, p = .02. The overall average voltages of the ERPs over the 300-to 600-msec interval were also more positive for the vocal and control stimuli, mean for the vocal stimulus = 6.9 µV (± 2.7 SEW; mean for the control stimulus = -1.7 µV (± 2.8 SEW, although this difference failed to achieve significance, t(3) = 2.25, p = ns. 
Fig. 2. Scalp distribution of late positive components of the ERPs. Topographic maps illustrate the topographic distribution of the difference waveforms between the ERP to the target stimulus minus the ERP to the control stimulus. Up is anterior and down is posterior.
The scalp distribution of the late positive component of the ERP to the vocal stimulus was again predominantly fronto-central. This is illustrated in Figure 2b , which shows the distribution of the difference waveform (ERP to the vocal stimulus minus the ERP to the control stimulus) averaged over the 300-to 600-msec epoch. To evaluate the lateral symmetry of the late positive component, we compared the relative amplitudes at pericentral electrodes on the left and right sides. For each acquisition block (4 tone and 4 vocal), the average peak amplitude of the late positive component was determined for the three pericentral electrodes on the right (F4, C4, and CP2) and the corresponding electrodes on the left (F3, C3, and CP1). These data were analyzed by a repeated measures ANOVA according to a 2 Stimulus Type (tone vs. vocalization) × 2 Laterality (right vs. left) design. A significant Stimulus Type × Laterality interaction, F(1,3) = 16.84, p = .02, reflected the right lateral dominance of the late positive component of the ERP to the vocal stimulus, mean amplitude on right = 10.9 µV (± 2.4 SEM), left = 7.2 µV (± 2.5 SEM). No lateral differences were apparent in the late component of the ERP to the tone control stimulus, mean amplitude on right = 2.2 µV (± 2.3 SEW, left = 1.9 µV (± 3.5 SEM). The lateral differences between the vocal stimulus and the tone were apparent in the difference waveform (vocal stimulus minus the control stimulus), which evidenced a peak of 11.7 µV (± 1.4) on the right, and 8.6 µV (± 1.7) on the left.
Conspecific Vocalizations
In view of the previous findings, we pursued additional exploratory studies on ERP responses to conspecific vocalizations. While the human vocalization tested above yielded an enhanced late positive component in the ERP, it is not entirely clear whether this positivity arose from the meaningfulness of the stimulus, per se, or from some other feature such as acoustic complexity. To examine this issue further and to explore responses to conspecific vocalizations, we acquired ERP responses to presentations of digitized epochs of chimpanzee threat, scream, and alarm vocalizations, and to a white noise control stimulus. We previously demonstrated that threat barks evoke a distinct pattern of autonomic and attentional response, reminiscent of a defensive reaction, while the other conspecific vocalizations yielded responses comparable to those to white noise . Based on the apparent adaptive significance of threat, we expected this vocalization to yield an enhanced late positive component of the ERP. Moreover, we expected this-component to be larger over the right hemisphere.
Results confirmed both hypotheses. The overall ERP waveforms to the experimental stimuli are illustrated in Figure 1c . Each waveform represents a total of 40 trials for each stimulus, acquired in separate runs (20 trials each) administered in counterbalanced order. As is apparent, the threat bark evoked a considerably larger late positive deflection than any of the other stimuli, which did not appreciably differ from each other. As illustrated in Figure 2c , this late positivity was distributed centrally and was larger over the right hemisphere. Although the limited number of replications precluded parametric comparisons, a confirmatory analysis of the two hypotheses was significant even by nonparametric methods. For both replicate runs, the amplitude of the late positive peak to the threat stimulus was larger than for any other stimulus, which did not differ among themselves, mean for threat = 13.3 µV ± 1.0, noise = 8.4 µV ± 2.24, scream = 7.5 µV ± 1, alarm = 7.3 µV ± 6.8. Moreover, the late positive potential to threat was larger over the right hemisphere, peak: right = 10.9 µV ± 1.4, left = 7.3 µV ± .3; average: right = 4.9 µV ± .6, left = 2.9 µV ± .5. A simple binomial test of the probability of these outcomes (i.e., that the threat response was larger than all others, and larger on the right) yielded a p = .03. The larger late positivity associated with the threat vocalization did not appear to be attributable to simple acoustic features of the stimulus because amplitudes were matched among the stimuli, and the white noise stimulus included all acoustic frequencies in the threat signal (see Berntson & Boysen, 1989a) . Moreover, the rise time characteristics of the threat stimulus were similar to those of the alarm call, which did not yield an enhanced positivity relative to the noise stimulus.
The threat vocalization also evoked an early positivity that exceeded that for other vocal stimuli. The origin of this early positive response is not clear, although it did not appear to be related to the adaptive significance of the threat vocalization. A similar early positivity was apparent to the white noise stimulus. We did not control the rise times of these vocalizations because the acoustic envelope can be an important feature of the vocal signal. The threat bark and noise stimuli both had somewhat faster rise times than did other vocal stimuli, and this may have contributed to the enhanced early positivity observed with these stimuli.
Discussion
We previously reported that visual evoked potentials in infant chimpanzees are highly similar to those of humans, and evidence comparable developmental trends in peak latencies and amplitudes (Boysen & Berntson, 1985) . Additional work in monkeys has documented characteristic long-latency potentials (such as the P300) in nonhuman primates that are sensitive to cognitive variables (Arthur & Starr, 1984; Neville & Foote, 1984; Paller, Zola-Morgan, Squire, & Hillyard, 1982; Pineda et al., 1987) . The present results provide the first documentation of the cognitive sensitivity of long-latency ERP components of a chimpanzee. In a passive oddball paradigm, the infrequent stimulus yielded an enhanced late positive potential, reminiscent of the P300 reported for humans under comparable conditions.
A number of late positive components, including a positive slow wave and several P300 variants (e.g., P3a, P3b, P3e), have been identified in humans (Courchesne et al., 1975; Ruchkin et al., 1987; Sutton & Ruchkin, 1984) . The P3b is sensitive to subjective probability and stimulus meaning in oddball paradigms, and is significantly enhanced by the task relevance of the stimulus (Johnson, 1988 (Johnson, , 1993 ). This component generally shows a predominant centro-parietal distribution, with a maximum at Cz or Pz. An essentially similar component has been observed in monkeys in a task performance context (Arthur & Starr, 1984) . While the late positive potential to the rare stimulus in the chimpanzee was generally similar to the P3b in latency and amplitude, the late positivity in the chimpanzee was somewhat more frontally distributed than would be expected of the P3b. In this respect, the late positive component of the chimpanzee was more similar to the fronto-central P3a, as observed in both humans (Courchesne et al., 1975; Squires, Squires, & Hillyard, 1975) and monkeys (Paller et al., 1982; Pineda et al., 1987) . Consistent with the procedures of the present study, the P3a is more frequently observed in passive oddball paradigms that lack explicit task demands, although a more frontal distribution is not invariably observed in passive P3 paradigms (Polich, 1987) . Pineda and colleagues (1987) have reported in squirrel monkeys what they term a "monkey" late positive component, which is characterized by two positive peaks and is sensitive to infrequent and unpredictable shifts in pitch (Pineda et al., 1987) . The precise relationships among these components of the late positive complex are not entirely clear, and the late positivity observed in the chimpanzee cannot at the present time be definitively identified with a specific human or monkey homologue. Nevertheless, the late ERP positivity to the rare tone in the chimpanzee shares a common feature with components of the late positive complex--a sensitivity to stimulus probability.
Affective significance of a stimulus is known to increase late positive potentials in humans (Johnston et al., 1986) . In the present study, a late positivity was apparent in the ERP waveforms of the chimpanzee to the vocalization of the subject's name, relative to a control tone. This late positivity was generally similar in latency and amplitude to that observed to the rare tone in the oddball paradigm, but in the present case could not be attributed to differences in stimulus probability. Rather, the results are in general accord with the findings that late positive components of the ERP may be enhanced by the affective or attentional significance of a stimulus. In the present case, the vocal stimulus was spoken by the primary caregiver, with whom the subject had established a strong social bond. This likely contributed to the significance of the vocal stimulus.
Based on our previous finding of a selective and striking cardioacceleratory response of infant chimpanzees to conspecific threat barks (Berntson & Boysen, 1989) , we speculated that the affective and attentional properties of the threat vocalization would be associated with an enhanced late ERP positivity.
Results were in accord with this expectation. The threat vocalization yielded a greater late positivity than either white noise or other conspecific vocal stimuli (screams and alarm calls). Although these findings require confirmation, they illuminate several issues. First, the enhanced late positivity does not appear to be specific to human or chimpanzee vocalizations, but may be seen with either. Second, because late ERP components to screams and alarm calls were not different from those to white noise, it does not appear that all vocalizations invariably enhance late positive potentials. Rather, the communicative or affective significance of the vocalization may be the more important determinant. Finally, the direction of heart rate response can distinguish between orienting and defensive responses. We have found that chimpanzees respond with cardiac acceleration to threat barks, and with deceleration to a caregiver Boysen & Berntson, 1986) . Both the caregiver vocalization and threat barks, however, resulted in an enhancement of late positivity in the ERP. Consistent with findings in humans, the enhanced late positivity observed in chimpanzees appears to be more reflective of the intensity rather than the direction of affective response.
An additional feature of the present results that warrants comment is the laterality of the obtained ERPs to specific vocal stimuli. The late positivity to the rare stimulus in the oddball paradigm was essentially symmetrical over the two hemispheres. In contrast, the late positive component to the human vocal stimulus was significantly larger for the right than for the left electrodes. An even greater degree of right asymmetry was apparent in the topography of the late ERP components to the conspecific threat vocalization. This laterality was not an invariant feature of the ERP to vocal stimuli, however, because scream and alarm vocalizations did not show lateral amplitude asymmetries relative to the control stimulus. These findings raise the possibility that the right lateral dominance of the ERP to the threat and speech stimuli may have been related to the affective significance of these vocal signals for the subject. Although EEG and ERP measures in humans frequently indicate a left laterality in speech processing (Davidson, Chapman, Chapman, & Henriques, 1990; Hahn, 1987) , affective language and affective processes in general may be more strongly represented in the right hemisphere (Bradley, Cuthbert, & Lang, 1991; Goerlik & Ross, 1987; Tucker & Williamson, 1984) , at least for negative affect (Davidson, 1992) .
The present findings certainly invite theoretical speculation, but they also raise more questions than they answer. Nevertheless, some general features have clearly emerged from these and previous psychophysiological studies of vocal perception in chimpanzees. First, like autonomic measures, eventrelated brain potentials can be highly sensitive to cognitive and affective variables, even in paradigms which do not require training or behavioral responding. Hence, they offer important approaches to the study of cognition that are broadly applicable across ontogeny and phylogeny. Second, the adaptive significance of a stimulus appears to be an important determinant of the pattern of autonomic and ERP responses in the great apes. Finally, the early emergence of specific patterns of cardiac response and the apparent lateralized processing of vocal signals in the chimpanzee support the existence of specialized vocal processing mechanisms in this species. Clearly, the generality of the present findings needs to be established, and systematic studies on the nature and origins of the observed ERP responses are necessary. The present findings suggest, however, that psychophysiological measures may offer unique insights into the cognitive and affective responses of the chimpanzee. These insights may have fundamental implications for emerging perspectives on the ontogeny and phylogeny of communication and vocal perception.
Notes
1 Although neuroleptics such as droperidol may alter latencies and peak amplitudes somewhat, these effects are generally minimal in the acute condition, and they do not appear to alter the overall waveform morphology in either humans or animals (Saletu, 1977; Tasman, Hale, & Simon, 1981) . Similarly, ketamine may increase or decrease peak amplitudes depending on dose, but again does not appear to substantively alter general waveform morphology (Cohen & Britt, 1982; Dafney & Rigor, 1978) . We have previously demonstrated that typical visual evoked potentials, including the expected ontogenetic trends, were apparent in chimpanzees under ketamine sedation (Boysen & Berntson, 1985) . Perhaps more important for the present article are the potential compromising effects of the drugs on cognitive processes, underlying the late positive potentials of interest. In fact, the influence of these cognitive operations were apparent in the obtained ERPs. In this respect, the present results probably represent conservative measures, since it is difficult to envision how the drugs employed would enhance cognitive contributions.
